Background: Physical activity is a behavioral strategy that increases general (public) health, including the mental performance of individuals. The goal of this study was to investigate the effect of group physical games on cognitive performance (memory, attention) of old people in adult day-care centers. Methods: In this quasi-experimental study, 50 elderly people (aged >60 years) were selected from two adult day-care centers using available sampling and divided into two groups: control and intervention. As approval was received from the Babol Hamrah Salamat adult day-care center to modify the design of the center's yard, this center was selected to conduct an intervention program. The intervention group received a physical activity program twice a week for 6 weeks. Questionnaires that were used for collecting data included demographic questions, a standard questionnaire for daily activities of living, and a shortterm test, the Abbreviated Mental Test Score. Cognitive function was assessed with the Wechsler Memory Scale (WMS) (Form A), before and after the intervention. Statistical analysis of normal variables was performed using independent and paired t-tests and in nonstandard cases with Mann-Whitney and Wilcoxon non-parametric tests at a significance level of P<0.05, using SPSS software (version 22). Results: Statistical analysis showed that the scores of the subjects in the intervention group, compared to the control group, had significantly improved. The calculated mean differences in the intervention groupwere, for memory function d=8.4±3.3 (P=0.001), and for attention and concentration d=4.18±2.38 (P<0.001) (WMS). This level of change in the intervention group was significant. Conclusion: The results of this study showed that a physical exercise program can improve the memory and attention/concentration of the elderly. Therefore, it seems that such activities are a useful method for maintaining cognitive function.
Introduction
Population aging is a globally pandemic phenomenon coming about as a result of improvements in living conditions and healthcare in many societies. Demographic projections indicate a relatively certain trend in the continuation of aging and longevity during the twenty-first century. 1, 2 Based on predictions by statistical indices, by 2050, the elderly will constitute 13.7% of the world's population. By the same year, 17.6% of the Iranian population will be elderly.
As a period in human life, old age is accompanied by biological changes in which physical and cognitive abilities suffer a considerable decline as a consequence of a gradual drop in the performance of body systems. 4 One of the chronic disorders of old age which is currently attracting the attention of a lot of specialists is cognition disorder, which threatens the independence and quality of life of the elderly. [5] [6] [7] The prevalences of cognition disorders among Swedish and German elderly are 4.5% 8 and 7.7%, 9 respectively. For American elderly, the same incidence is 4.9% in 65-year-olds and higher, reaching 9.6% for the elderly older than 85 years. 10 This percentage for Iranian elderly has been reported to be 18.3%. 11 Studies have shown that about 5% of 60-year-olds suffer from pronounced cognition disorder, and this percentage reaches more than 25% among 80-year-olds and higher. 12 Thus, maintaining and improving cognitive performance among the elderly is gaining a special emphasis, and solutions are being sought to prevent cognition disorder in the first place, and keep it from progressing when it has occurred, or to reduce the speed of its progression and to restore the person's lost abilities to some extent. 13 According to studies by psychologists and other scholars, physical activity is one behavioral strategy that can contribute to improvements in general well-being, including mental performance.
14 Studies dealing with the effects of exercise and physical activities on cognitive performance improvement have shown positive results in this regard. 15, 16 These studies have been conducted on different age groups, including the elderly. Several mechanisms have been presented to describe the relationship between physical activity and cognitive performance. According to the results from one review study, physical features in the elderly can be predictors of their health status, and a lower physical strength is associated with lower cognitive performance. 17 Performing physical activities has shown significant cognitive benefits in the elderly, with or without cognition disorders. 18 Improvements in executive performance, attention, cognitive speed, working memory and implicit memory have been observed among the elderly following physical activity. 19 Longitudinal studies conducted in this area support the possibility of a lasting effect of physical activity on cognitive performance and delaying the occurrence of cognitive performance decline with age. 20 Studies use a variety of interventions to achieve physical activity. Physical games are a fun form of physical activity that are performed as a means to induce joy and enhance cognitive performance. Playing is a skill to enjoy the tasks at hand, through which the sense of urgency in life is temporarily masked. Performed in the right location, playing can accommodate the experiencing of a wide variety of strength and motor games, the stimulation of the five senses, social interactions, group or individual play, and competition and discourse among peers. 21 Despite all the aforementioned physical and mental benefits, lack of movement is quite prevalent among the elderly. 22 Studies have shown that only 13.7% of the elderly are engaged in physical activities. 23 In Iran, 68%
of individuals above the age of 60 do not participate in any kind of physical activity during the week. 24 It is not easy to encourage the elderly to be more active. It has been reported that costs or lack of money, insufficient awareness of the benefits of physical activities, distance from gyms, transportation restrictions and dependence on others for getting around, and lack of time are among the main factors keeping the elderly from taking part in physical activities; and that gaining health, maintaining and improving physical fitness, pleasure and joy, social interactions, and controlling stress are among the top motivators for the elderly to engage in physical activities. 22 Mouton et al made use of games to improve motion and physical activities in the elderly, and they observed that the elderly would gradually engage in exercise sessions with more independence and enthusiasm. 25 Thus, physical activities that are enjoyable and are performed in a group can act as an incentive to encourage the elderly to regularly participate in them. Incorporating interactive computer games has also been studied, but they did not produce superior results to those of exercise interventions, nor were they suitable for every senior, especially considering that some of them come from traditional backgrounds. 26 Therefore, considering the increase in the Iranian elderly population, the existence of a relationship between physical activity and cognitive performance, and the lack of research in the field of incorporating physical games, the present study has been conducted with the aim of investigating the effectiveness of such games in improving elderly people's memory and attention. Creating a suitable environment in an open and accessible space, and implementing the activities in the form of games can encourage the elderly to take part, cultivate more friendly bonds with the younger generations, pave the ground for the elderly to benefit from outdoor physical activities to boost their attention and memory, exhibit the degree of the effectiveness of such games, and encourage further studies in this field.
Methods

Study participants and procedure
The present study was a quasi-experimental design, in which the intended variables were evaluated in the control and intervention groups using pre-test and post-test. The statistical population of the study comprised the elderly at adult day-care centers in the province of Mazandaran, Iran, and the study sample, based on convenience sampling, comprised 50 senior citizens from two adult day-care centers in the cities of Amol and Babol, of whom 25 participants from the Babol Hamrah Salamat adult day-care center were allocated to the intervention group and 25 from the Amol Javidan adult day-care center formed the control group of this program. The Babol adult day-care center was chosen for the intervention program because it had accepted the plan to make changes to the center's yard so that it could accommodate the implementation of the intervention program. Independent seniors with activity of daily living (ADL) scores >10 and Abbreviated Mental Test Score (AMTS) >6 in the 60-85-year age group participated in this study. Individuals who had comorbidities with medical prohibitions or intense sight and hearing impairments, and those who were not willing to participate or were absent from the study for more than two sessions, were excluded from the study. A flowchart of the study is presented in Figure 1 .
To observe the study ethics, in addition to obtaining the written informed consent of all subjects, it was made clear to the individuals that the study results are solely for scientific research purposes and will be published in collective form and without mentioning the names of individuals. They were also told that participation in the study is entirely optional. To show appreciation to the participants in the control group, educational pamphlets on spiritual health were distributed among them and they were given two sessions of self-care training.
This study was conducted in accordance with the Declaration of Helsinki. The study was carried out following approval from the Ethics Committee of the Babol University of Medical Sciences and obtaining written permission from the university. The program has been registered at the Iranian Registry of Clinical Trials (IRCT) with the ID 26706.
The intervention in this study was executed outdoors in the form of playing physical games in the yard. The design pattern of this space was modeled after the Iranian Education's Hayat Pooya (dynamic yard) program, which has been implemented across some schools since 2012. 27 In the Hayat Pooya scheme, simple and feasible methods such as drawing shapes and tables and installing safe and lightweight equipment in the minimum possible space are used to make the yard space and surroundings more fun and appealing, so that it will accommodate mental and physical activities during free time. Following the guidance of an advisory team and a sports physiology expert, the yard of the care center in Babol was adjusted based on the above-mentioned plan in such a way that it was suitable for the elderly. Some patterns were drawn on the walls and others on the ground, and they were then painted using warm and cheerful colors ( Figure 2 ). Hula hoops were used as moving targets, and foam, balls, and walnuts were among the other tools used in the intervention. The selected executive games were implemented at their own allocated stations. To further adjust to the conditions, the performance of 50% of the elderly on each exercise was chosen as the criterion for successful play. Thus, two pilot sessions were held to perform these group physical games based on the capabilities of the senior participants, and some of these allocated stations were selected. The implementations of some of the game stations were also adjusted to further accommodate the conditions. The games protocol included boosting focus, memory, balance, interaction, and joy, executed in the forms of skill board games, and ball throws and walnut throws for scores. The introductory stage was held in one session at the adult day-care center, during which the subjects were taught how to play the games and perform the exercises. Following that, these games and workouts were performed twice a week under the supervision of the program coach and the researcher.
Eight stations had been designed and adjusted for the execution of the intervention. At the first station, the elderly, based on which zone on the workout ring they were standing in, performed the workout assigned to that zone so that the rest would follow suit. The second station was the skills board, where the participants were given scores based on which of the three areas their thrown ball hit. At the third station, scores were given for throwing the ball through the rolling hula hoops. The fourth station was called the motion activity station, at which the elderly would either zigzag or walk straight along the designed path based on the prompt card they had picked and the training they had received. The fifth and sixth stations reminded the elderly of their own childhood and teenage years' play, and they showed a great deal of enthusiasm about these. At the fifth station, the participants would throw walnuts, aiming to hit the 10-cm-diameter hole provisioned in the ground. At the sixth station, they would navigate through a diagram drawn on the ground. The move was originally done by hopping along, but owing to the elderly's physical considerations, walking was specified as the means of navigation. The seventh station was for tic-tac-toe, which was played in a group. Hitting the target areas on the wall by throwing balls was the game for the last station.
The subjects in the intervention group participated in 12 sessions of 75-90 minutes each. Each session consisted of three parts. First, the subjects were instructed to warm up for 10-15 minutes. Then, they would execute the relevant physical moves at the stations. Finally, they would stretch for 10 minutes to cool down. After the completion of the physical activities, the cognitive status of the elderly subjects was gauged again based on the introduced tools to determine their attention and memory status. No intervention was carried out in the control group.
The costs of intervening in the yard of the adult daycare center, estimated at 21,600,000 Iranian Rial (equivalent to 513 USD), divided into infrastructure and professional costs, are as follows:
• sports physiology expert (four sessions for the design of sports games, two sessions for the pilot trials, and the 12 intervention sessions): 6,000,000 
Questionnaires
For the purposes of data collection, the demographic information questionnaire (created by the researcher), the ADL questionnaire, and the AMTS were filled out only in the pre-test stage and as the criterion for inclusion in the study. The ADL questionnaire is used to determine the daily physical activity status, with a validity of 0.82, a reliability of 0.76, and Cronbach's alpha above 0.75. 28 The AMTS questionnaire was used to screen the elderly in terms of cognition; the results from a study on test standardization conducted by Foroughan et al in 2017 in Iran showed that it has desirable credibility and reliability (α=0.90.5) and the suitable cut-off point for this scale was determined to be 6 using the receiver operating characteristics curve to differentiate individuals with normal cognitive status from older people with mild cognitive impairment. The sensitivity of this test at this cut-off point is 99% and its specificity is 85%, and it has the advantage of not being dependent on the subject's educational level.
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To determine the general status of the elderly people's memory, the A form of the Wechsler Memory Scale (WMS) test was used pre-and post-intervention. The WMS form A (WMS-I A) includes seven subtests: personal awareness of daily and personal affairs, navigation, mental control, logical memory, repetition of digits, visual memory, and a test of learning association. The raw scores from the subscales are added up and, following correction, are converted into the memory quotient. Then, based on the memory quotient score, the subject's memory status is determined. The higher the score, the better their memory. 30 The primary data from the subjects' performance were statistically analyzed as follows.
To obtain these scores and combined indices (verbal memory, visual memory, general memory, working memory, attention, and focus), the raw scores from the subtests were combined together and taken into consideration using the following method (with the score range of the subsets shown in parentheses): • total memory (0-95): logical memory (auditory memory) + digit span + visual memory span + association of wordpairs + general information + orientation to time and place + mental control.
All questionnaires were completed by the researcher (first author).
The distribution status of the data from the study was determined based on the Kolmogorov-Smirnov test. Accordingly, the independent t-test and the paired t-test were used for the variables with a normal distribution. The Mann-Whitney and Wilcoxon tests were used for nonparametric variables of the independent and dependent groups, respectively. The results were considered statistically significant below the threshold of 0.05. The normal data in this study include the pre-and post-test general memory, the pre-test visual memory, and the post-test attention/focus, while the non-parametric findings are the pre-test attention/focus, the post-test visual memory, the pre-and post-test working memory, and the quality of life. The analyses were performed using SPSS version 22 software.
Our data will be available in SPSS format until about 1 year after paper publication, along with information about the variables in the manuscript. No other studyrelated documents are available.
Results
The mean±SD age of the participants in this study was 70.6±7 years, with the youngest participant being 61 and the oldest 83 years old. Most of the elderly were either illiterate (26%) or had received primary education (44%) ( Table 1 ). The data were recorded in two stages for both the exercise and control groups. That is, first at the beginning of the study and prior to the intervention, and then immediately after the end of the intervention, WMS questionnaires were filled out for the participants.
According to Table 1 , the two groups of control and intervention were similar in demographic variables. Based on the results of the chi-squared test, they did not show any significant differences (P<0.05).
In the investigation on the impact of games on memory, based on the A form of the WMS, the findings showed that performing these games caused significant changes in 3 (12) 7 (28) 9 (36) 1 (4) 15 (60) 0.067
Living arrangements Living alone
Living with husband/wife or children 5 (20) 20 (80) 11 (44) 14 ( the general memory scores and the combined indices (P<0.05). As shown in Table 2 , the mean raw score for memory in the exercise group was 44.48±7.83 in the pre-test, while after the program, this mean changed to 56.84±9.10. The mean raw score for memory in the control group was 39.44±9.18 in the pre-test, while after the program, this changed to 38.80±9.43 (Table 3) .
The findings from examining the scores in the two stages, before and after intervention, showed that the changes in the intervention group were significant and positive, while no significant change was seen in the control group. The difference in changes between the two groups was also significant (P<0.05) ( Table 4) .
Discussion
Based on the theoretical foundations of this program, some exercise and physical activity interventions can cause improvements in cognitive processes such as memory and attention. Widespread and increasing investigations are underway around the world to examine the impact of physical activity on cognitive performance. The exercises incorporated in this intervention aimed at increasing physical activity and improving mental power, and consisted of a combination of physical and mental activities presented to the elderly in the form of games.
The results from the present study showed that executing these games influenced the cognitive performance of the elderly in the intervention group, so much so that significant changes were observed in these seniors in terms of improvements in general memory, visual memory, verbal memory, and attention compared to before playing these games and compared to the control group. Improvements in working memory were also confirmed, but at a lower level than for the other indices. In the control group, no index changed significantly. It was also obvious that the elderly showed increasing willingness to participate in the intervention group's games.
Several studies with the same stance have investigated the impact of physical activity and exercise on cognitive Notes: Data are presented as mean ± SD. *Total memory and verbal memory were compared with the paired-samples t-test, and visual memory, working memory, and attention with the Wilcoxon test (P<0.05). performance in general or on its components, such as memory, attention, and executive performance.
Comparison of our findings with those of other studies shows that someof their findings are consistent with ours, while others are not. de Asteasu et al, in studying some clinical trials, and Zhu et al, in a meta-analysis, with consistent results, confirmed the contribution of physical activity in combined and compound formats in improving cognition and slowing down the trend toward cognitive decline in old age. 32, 33 Law et al concluded that these kinds of interventions can have effects on both the elderly with and those without cognitive disorders. 18 In this regard, Busse believes that single-component exercises are suitable for seniors with cognition problems, while compound ones are suitable options for the elderly who do not have cognition problems. 19 On the other hand, the results from the present study are inconsistent with the findings by Legault et al, 34 Barnes et al, 35 and Broe et al. 36 In Legault's and Barnes's opinions, despite an improvement in cognitive performance, no significant difference was observed between intervention groups, and the degree of involvement on the part of the elderly and the intensity of the activities are stronger influences than the type of activity. It is possible that the elderly in these two studies did not feel motivated enough to engage in the intervention sessions. The present study overcame this challenge by incorporating game-oriented activities in the intervention. Furthermore, a study on middle-aged people found that even mild and medium-intensity physical activities contribute to improvements in cognitive performance and the protection of brain in old age. In a follow-up on a 3-year study conducted in descriptive post-event form on 327 seniors, Broe et al reported no significant relation between physical activity and a reduction in Alzheimer's disease and dementia in the elderly. 36 It is possible that the reasons for inconsistencies with the present study stem from differences in the method of execution. The study by Broe et al study was conducted in questionnaire and post-event format, and several factors, such as the type of exercise and environmental factors, were out of the researchers' control. But the present study was in quasi-experimental format and was conducted at an adult day-care center and under supervision, so there was a better chance of controlling the influencing factors. Also, the presence of a coach who was a sports physiology expert helped the participants to carry out the activities at a desirable level. It seems that the intervention duration, the type and intensity of the exercises, the volume and type of the sample, and the tools used for measuring the results are factors that can justify these differences. On the other hand, it should be mentioned here that the matching was carried out only between groups, and not individually. Because of the small sample size, group matching may not have enough power. So, a lower level of education and a higher age in the control group could affect our results. The belief in the positive effects of different exercises on brain performance and delaying the onset of dementia in old age has also brought about comparative studies between different types of exercises. Investigating the effect of different types of activities, such as strength, balance, and cardiovascular training, on the cognitive performance of Italian seniors, Iuliano et al attribute the highest positive effect to cardiovascular training, which includes aerobic workouts. 37 In Iran, a comparison was carried out on the degree of effect of Pilates and aerobics, showing that both contribute to improvements in cognitive variables but Pilates does better than aerobics in this regard. 38 In the present study, too, exercises were designed for the relevant stations with the aim of boosting memory and attention; and focus, precision, and control were the important principles taken into consideration in implementing these stations. It seems that performing activities that require the incorporation of cognitive components can better contribute to cognitive improvements in the elderly. In this study, positive and significant changes in memory occurred following the intervention, as assessed through memory subscales such as working, verbal, and visual memories. The results from the study by Eggenberger et al showed retention and improvement in attention, working, visual, and implicit memories, and processing speed. 39 Vaughan et al achieved similar results through a 16-week intervention in the form of aerobic, stretch, and skills workouts. 40 Nouchi et al also confirmed the above results by a combined 4-week intervention consisting of aerobic, strength, and stretch workouts. 41 Therefore, considering the fact that these findings are consistent with those of the present study, it seems that a combination of physical and cognitive activities can play an important role in achieving the study objectives, which requires further investigation. All physical exercises share one common aspect in their essence; that is, incorporating bodily activities. But since each of these exercises influences an aspect of cognitive performance, it is suggested that a combination of exercises be incorporated.
Despite all the physical and mental benefits mentioned here, lack of motion is prevalent among the elderly. 42 Nadri et al assert that the most important factors motivating the elderly to participate in physical and sports activities are gaining health, retaining and improving fitness, joy and pleasure, social interactions, and stress control. 22 The physical games in the present study have realized the study hypotheses by providing the same motivators. Finch's study also confirmed this, and found that a game-oriented intervention plays an important role in this regard. 43 In a 1-month intervention, by designing a board game and inducing excitement, Mouton et al observed that even at 3 months after the completion of the program, motion and activities among the elderly subjects maintained the increase seen during the study, and the objectives, such as improvements in balance and ankle strength, had been attained. 25 Zach
and Shalom carried out a comparison between three types of intervention, namely volleyball, stretch, and aerobic workouts, on subjects aged <50 years, and concluded that the working memory in all three groups had improved, with the highest improvement observed in the game group. 44 This improvement in working memory was seen in the present study too. Kramer and Erickson showed that even relatively short exercises prevented brain volume reduction in the elderly, and active individuals had increased gray matter in their prefrontal cortex. 45 This may support the significant changes observed in the present study. It seems that carrying out the interventions in the form of games and joyful sports acts as a motivator that increases the participation of the elderly in the event, which will, in turn, contribute to preventing a lot of impairments that can arise from a lack of movement, including cognitive disorders.
Limitations
Findings from this study should be considered in view of its limitations:
• Despite all the efforts made on the part of the researcher in picking totally prepared patients and in careful filling out of the questionnaires, it should still be considered that the elderly who filled them out may not have had enough focus for accuracy.
• At the beginning of the research, the dissatisfaction of the elderly with a previous researcher caused problems in their participation in the centers.
• To prove the assumption that the nature of the game excited people, we needed another group to intervene with exercise and to compare the groups.
• In this study, the researchers did not take into account the current exercise levels through the ADL of individuals, which could affect the results.
• One of the most important limitations was the responsibility of the first author in administering all questionnaires, and especially in implementing the post-intervention interview, which could influence the assessment process in some way.
• The lack of random assignment and the small groups may affect the results.
• Participants in the post-intervention assessment were probably more motivated because of attending the physical games, and they may have been more engaged than the control group in answering the questionnaires.
• The coincidence of two deaths occurring in the control group at the time of the study led to a decrease in collaboration by the elderly.
• Among other limitations in the study were the lack of studies in this area, the study's taking place during the hot season, and the limited number of subjects.
• Since the results were based on a limited number of subjects at one adult day-care center, one should take care in the interpretation and generalization of the results.
• Still, these findings are substantial and should encourage further studies on a larger scale, as one of the limitations in this program was the lack of studies in the field of physical games among the elderly, and most of the past studies related only to computer games.
Conclusion
The results of this study confirm the effect of physical activity on improvements in cognitive performance. But the challenge here is that the elderly lack the required level of activity or movement. This study made use of the role of games in creating motivation for movement among the elderly, so much so that they gradually started to participate in the sessions with more interest and enthusiasm. Even those elderly who lacked the ability to play the games would show up at the playground to watch and cheer the participants on. Being unrestricted by transportation needs and costs, witnessing positive results within a short period, being in the open air, having the chance to perform, and getting to interact with other age groups were among the strengths of this program.
